This article investigates the effect of recycled material particle size on the resulting mechanical properties of products. The product material was polypropylene with glass fibers. Recycled material was prepared by mechanical way of recyclation, then it was categorized by sieve analysis to different size of particles. After preparation, the samples were subjugated to mechanical tests. The samples were subjected to the Charpy impact test, the hardness of Shore D test. Testing was conducted at ambient temperatures. The effect of reprocessing of the material is mainly represented by fiber shortening. As a result, considerable reduction of mechanical properties can be observed.
INTRODUCTION
Current trends in production allow mass production of polymer products at affordable prices, which strengthened their role among other construction materials. With regard to the pressure of the general public and experts on environmental aspects of production, the recycling area gains more importance. Some types of polymers can be classed as easily recyclable but manufacturing companies are not capable of producing polymer with exactly the same properties as the original product. Therefore, recycled polymer is in the manufacture added only in a certain ratio. Thus, it is possible to process discarded products and waste from production. Generally speaking, during manufacture of the stressed products can be added very little or no share of recycled material. In cases where it is not needed to meet these requirements, product with a higher proportion of recycled material can be produced. In practice it is common that some non-structural visual parts are made entirely from recycled materials. One of the reasons leading plastics processors and manufacturers of machinery for the preparatory process for recycling is currently relatively high price of plastic. Modern states strive to lead companies to recycling by legislation and therefore seek to provide benefits for processors of recycled material. Today, there is already many machines and devices on the market that are designed specifically for processing waste into regenerated material. The impact of man-made polymers on the environment is a problem of high priority in most industrialized countries. Mainly due to a build-up of disposed waste in landfills, and due to campaigns in the press about mistakes made in the management of waste treatment, public opinion is focusing on this problem. The fact that the corresponding percentage by volume is higher, due to the low packing density of wastes, makes the problem more visible. Mechanical recycling is limited by the compatibility between the different types of polymers when mixed, as well as by the fact that the presence of small amounts of a given polymer dispersed in a matrix of a second polymer may dramatically change the properties of the latter, hindering its possible use in conventional applications. Another difficulty with mechanical recycling is the presence in plastic wastes of products made of the same resin but with different colours, which usually impart an undesirable grey colour to the recycled plastic. Glass fibers are one of the most cost-effective reinforcements for plastics. Chopped glass fibers can be compounded with thermoplastics to obtain products with improved property sets. They are easily obtainable from a range of manufactures and their production process is quite energy efficient, so that their use into products does not significantly affect the environmental performance. Mechanical recycling of thermoplastics materials with glass fibers consists of granulating and re-molding, without separating reinforcing fibers from matrix. Then the material is reused still as composite. The fiber length distribution and the bonding between the glass fibers and the polymer are affected by the injection molding process. Bonding can be improved by using coupling agents or by incorporating recycled material into virgin material, but fiber shortening constitutes an important issue for safely using recycled fiber reinforced materials.
EXPERIMENT
This paper deals with analysis of effect of particle size of recycled material on the mechanical properties. The goal is to perform an experiment in which the products of the studied polymer will be crushed to crushed material (recycled material) and then reprocessed into new products. These are then subjected to tensile mechanical testing.
Grinding
At the start products was produce by injection molding technologies. Thus these parts were used to receive recycled material. Production of parts was followed by grinding. Grinding of PP waste was conducted on the knife mill GK 2218 from producer Maskain AB Rapid. Sieve inside of knife mill contains holes with diameter 4mm. The output of the knife mill was mixed crushed material containing many particles of various sizes up to a fine powder. It is the dust and very fine particles, which presents a certain risk for further processing and changing of polymer properties.
Sifting
Sifting of grinded material was carried out after grinding. The purpose of the sifting was to group the particles of certain sizes of non-sieved crushed recycled material. Sieving was carried out on laboratory sieve shakers AS 200 Basic. The sifting device had sieves with size of their holes 4 mm, 3 mm, 2 mm, 1 mm and a bowl for particles with size smaller than 1 mm.
Specimens
The specimens were prepared by the injection molding technology on the injection molding machine Arburg Allrounder 470H. Each of the specimens were left to condition for 24 h before testing by the following methods.
Composition of tested mixtures
Different compositions were prepared for the measurements of tested mixtures with differing sizes of sieved particles.
 Virgin PP -material directly from the manufacturer which
has not yet been processed in any way, it is taken as a referential material, length of cylindrical granules is 3.5mm.
 Non-sieved crushed PP -this recycled material is collected directly from the knife mill, contains particles of all sizes, from large particles to dust particles and therefore is heterogeneous.
 PP 1 -0 mm -sieved recycled material with a particle size from 1 mm to 0 mm, containing very small to dust particles and therefore the shortening of the fibers is the greatest. (Fig. 1 ) Figure 1 . PP 1 -0 mm mixture  PP 2 -1 mm -sieved recycled material with a particle size from 2 mm to 1 mm.
 PP 3 -2 mm -sieved recycled material with a particle size from 3 mm to 2 mm.
 PP 4 -3 mm -sieved recycled material with a particle size from 4 mm to 3 mm, these particles are similar in size as the original virgin granule.
 PP 5 -4 mm -sieved recycled material with a particle size bigger than 4 mm -this particles stay on sieve with holes 4 mm and chopped fibers are at least due to the length size of the polymer particles (Fig. 2) Figure 2. PP 5 -4 mm mixture 
TESTED MATERIAL
Polymer used for this work is an injection molding grade Syntegum 2030 AFV. It is compound on homopolymer polypropylene, reinforced with 30 percentage chemical couple glass fibers. And this PP is suitable for the production of high-technological products, which in normal working conditions are submitted to high temperatures and considerable mechanical stress.
TESTING
The first mechanical test in order was notch toughness test alias Charpy impact test. Testing was performed on the Resil Impact Junior testing machine from company CEAST. The tests were carried out according to ISO 179. Preparation of individual samples proceeded before each testing. It consisted of making of notch in specimens. Notch was shaped into V-shape with depth of 2 mm.
Shore D hardness test was performed on the hardness tester from the OMAG company with type marking ART 13. The test surface of specimens must be cleaned before test. Testing was performed according to EN ISO 868. First, the sample was placed in a rack of hardness tester and then indenter started pressing to the surface of the test specimen. After the time interval of 5 seconds display shows the value of hardness Shore D. Hardness Shore D is determined by the depth of penetration of the indenter and the size of the scale is then 0-100 Shore.
RESULTS
All graphs shows the values in percentages, while virgin PP represents 100%. Other values are derived from the nominal values.
Charpy impact toughness
Figure 4. Weight ratio of particle size of the total grinded mixture
In Fig. 4 it can see the resulting measurement values of Charpy notch toughness (6.8 kJ/m 2 ) at 23 ° C. The highest value of impact toughness was measured on the test specimen from the virgin material. Notched impact toughness was lower by approximately 20% on samples with a particle size of 5 -4 mm and 4 -3 mm. Toughness was measured lower about 23% on samples with a particle size of 3 -2 mm and non-sieved crushed polymer. Almost identical and the lowest impact toughness was achieved on samples with a particle size of 2 -1 mm and 1 -0 mm, which was about 28% lower compared to the virgin material.
Charpy breaking force
The greatest breaking force 528 N can be seen for the test samples from the virgin material (Fig. 5) . The second highest force was measured for the test sample with a particle size of 5 -4 mm, the force was lower about 4%. Breaking force was measured lower approximately 8% for samples with a particle size of 4 -3 mm and 3 -2 mm. Force was lower about 10% for the sample of non-sieved crushed polymer. The lowest breaking force were measured for samples with particle size 1 -0 mm and 2 -1 mm, values were approximately 15% lower compared to the virgin material.
Hardness Shore D
The Fig. 6 shows maximum and minimum value of hardness differ only approximately 3.5% from each other. The highest hardness (72.6 ShD) was measured on the virgin polypropylene. Hardness value of recycled particle sizes of 5 -4 mm was closest to virgin material. The lowest hardness was measured on recycled particle size 1 -0 mm. The hardness gradually increases with rising of recycled particle size.
CONCLUSIONS
This paper describes the influence of particle size of recycled polypropylene containing 30% glass fibers on the mechanical properties of the resulting products.
Test samples were subjected to Charpy impact test and also the Shore D test. The tests were carried out at room temperature of 23 °C. Seven mixtures of test samples were prepared for the measurement of mechanical properties. These samples were virgin polypropylene, non-sieved crushed PP, samples with a particle size of 5 -4 mm, 4 -3 mm, 3 -2 mm, 2 -1 mm and 1 -0 mm.
Test samples with a particle size of 5 -4 mm showed the smallest reduction properties. Mixtures of non-sieved crushed material, 4 -3 mm and 3 -2 mm still do not show such a large difference in the mechanical properties. Samples with a particle size of 2 -1 mm and 1 -0 mm have in most cases differences a little more noticeable in the mechanical properties. The lowest measured results and consequently the lowest mechanical properties were measured on test specimens of recycled particle size of 1 -0 mm.
Measurements confirmed that the usage of recycled material reduces the mechanical properties. Usage in components where it is necessary to have guaranteed mechanical properties it is not so appropriate. The glass fibers in mixture with recycled dust particles have almost no effect on the final properties.
On the other hand, usage of recycled filled material would be economically advantageous in parts with lower demands on the use. This would lead to a reduction in costs for the purchase of material and the associated production of a new polymers.
